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Start	of	SPIDER	opera/on		
towards	ITER	Neutral	Beams	

	
	

G.	Chitarin	
	

on	behalf	of	NBTF	team		
and	contribu5ng	staff	of	ITER	IO,	F4E,	INDA,	QST,	NIFS,	IPP		

and	other	European	ins5tu5ons	
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•  the	Neutral	Beam	Test	Facility	(NBTF)	for	ITER	in	Padova	

•  SPIDER	and	MITICA	experiments	5meline	
•  SPIDER	features	and	objec5ves	
•  SPIDER	construc5on,	assembly	and	commissioning	

•  SPIDER	experimental	plan	and	first	experimental	results	

Outline	  



G.	Chitarin	 NIBS2018	Novosibirsk,	Russian	Federa9on,	3	Sept.	2018	 3	

NBTF	is	essen5al	for	the	smooth	opera5on	of	the	ion	source	of	ITER	HNB,	whose	
design	 is	 based	 on	 concepts	 developed	 in	 several	 collabora5ng	 labs	 (IPP,	 QST,	
NIFS,	CEA),	but	never	tested	at	full	performance	at	once	in	a	single	experiment	(*).	
•  SPIDER:	full-scale	nega5ve	ion	source	and	extractor	having	the	same	features	and	size	

as	 ITER	 HNB	 (and	 DNB),	 46	 A,	 100keV.	 The	 experimental	 opera/on	 of	 SPIDER	 has	
started	in	June	2018.		

•  MITICA:	 full-scale	 prototype	 of	 ITER	 HNB,	 46	 A,	 1	MV,	 5	 accelera5on	 stages,	 16.5	MW,	
presently	under	construc5on.	

	

the	Neutral	Beam	Test	Facility	

-	Total	area:										17,500	m2	

-	Covered	area:							7050	m2	

-	Internal	Surface			9170	m2	

-	Maximum	height:			24.0	m	SPIDE
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(*)	see	presenta/ons	:	
	
MonO3	D.	WÜNDERLICH,	
Long	Pulse	Opera5on	at	
ELISE:	Approaching	the	ITER	
Parameters		
	
P1-22		M.	ICHIKAWA,	
Demonstra5on	of	500	keV	
nega5ve	ion	beam	
accelera5ons	for	100s	
toward	JT-60SA	N-NBI	ion	
source	
	
MonO5		K.	TSUMORI,	
Caesiated	H-	source	
opera5on	with	helium	
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NBTF	and	ITER	HNB	/meline	
(rigid	schedule	approved	in	2016)	

SPIDER				
SPIDER	construction,	assembly	and	installation
SPIDER	Ready	for	integrated	commissioning
Integrated	commissioning
Optimization	of	Source	operation	in	H2
Optimization	of	Source	operation	in	D2
Optimization	of	performances	reliability	and	availability

MITICA		
MITICA	construction,	assembly	and	installation
MITICA	Ready	for	integrated	commissioning
Integrated	commissioning
Optimization	of	beam	operation	in	H2	up	to	870kV
Long	pulse	operation	in	H2
Optimization	of	beam	operation	in	D2
Optimization	of	performance,	reliability,	availability

ITER	HNB	1&2
HNB	Beam	Sources	procurement	and	manufacturing
Beam	Source	Installation
Operation	in	PFPO-2

Execution	of	the	Contract
																																	Integrated	commissioning
																																	Experiments

Manufacturing	Design	Approved
Delivery	on	Site

Activities #

FP FPO-1 FPO-2
SPIDER	construction,	assembly	and	installation

Optimization	of	performances	reliability	and	availability

MITICA	construction,	assembly	and	installation

Optimization	of	beam	operation	in	H2	up	to	870kV

Optimization	of	performance,	reliability,	availability

HNB	Beam	Sources	procurement	and	manufacturing

HNB	operate	in	ITER

Manufacturing	Design	Approved

2028 2029 2030 2031 20322022 2023 2024 2025 2026 2027# 2017 2018 2019 2020 2021
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Neutral	Beam	Test	Facility	
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SPIDER:	full	scale	prototype	of		
HNB	nega/ve	ion	Source	

5	m	
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SPIDER	design	and	parameters	

H– D–

surface	for	ion	production
plasma	source	filling	pressure	
plasma	source	power	(8	driver	coils	at	1	MHz)	
ion	current	density	extracted	from	the	plasma >355	A/m2 >285	A/m2

co-extracted	electron	fraction	(e–/H–)	and	(e–/D–) <0.5 <1.0

max	deviation	of	ion	current	density	from	uniformity
accelerated	ion	beam	current 46	A 40	A

beam	acceleration	energy
beam	on	time
magnetic	filter	field	upstream	of	the	PG
max	heat	load	on	accelerator	grid
vacuum	pumping	speed	(8	cryopumps)

3600s

	up	to	4	mT

8	x	12	m3/s	

Table	1:		SPIDER	nominal	parameters

0.3	Pa

8	x	100	kW

about	1	x	2	m2,	1280	apertures

±10%

100	keV

660	kW

PG EG RF driver coils
Plasma Source

Cs oven

GG

Ion	source		
and	accelerator	

beam		
dump	
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SPIDER:	full	scale	prototype	of	ITER	HNB	ion	source	
features	 of	 the	 ITER	HNB	 to	 be	 achieved	 in	 SPIDER	 for	
the	first	5me:	

•  value	and	uniformity	of	H–	and	D–	current	extracted	
from	 full-size	 Cs-catalysed	 grid	 in	RF-driven	 plasma	
source,	extracted	electron/ion	ra/o	<1	

•  voltage	 holding	 between	 components	 at	 different	
electric	 poten5als	 in	 presence	 of	 pressure	 gradients	
produced	by	gas	flow	and	during	beam	extrac5on	

•  tolerance	 to	high	heat	 loads	 caused	by	co-extracted	
and	stripped	electrons	

•  acceptable	grid	deforma/on	 and	effects	 in	 terms	of	
beamlet	op5cs	quality	(divergence	and	deflec5on)		

•  stability	of	beam	opera5on	for	long	pulse	dura/on	
SPIDER	
~	1.8	m	

ELISE	
~	0.9	m	

see	presenta5ons:	
•  WedO1,	F.	BONOMO,		Uniformity	of	the	Large	Beam	of	ELISE	

during	Cs	Condi5oning	

•  WedO10,	A.	APRILE,	Complete	compensa5on	of	criss-cross	
deflec5on	in	a	nega5ve	ion	accelerator	by	magne5c	technique	

•  P2-53,		T.	PATTON,	MITICA	Intermediate	Electrosta5c	Shield:	
concept	design,	development	and	first	experimental	tests	
iden5fica5on	

•  P1-13,	M.	RECCHIA,	Studies	on	the	voltage	hold	off	of	the	
SPIDER	driver	coil	at	high	RF	power	
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SPIDER:	full	scale	prototype	of	ITER	HNB	source	

upstream	side	of	4	RF	drivers	a`er	assembly	

Plasma	Grid	(PG)	and	Bias	Plate	(BP)	during	
assembly	

Plasma		
Source	
chamber	
with	8	RF	
drivers	
during	
assembly	
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SPIDER	auxiliaries	

Turbo	pumps	and	cryo	pumps	installed	just	outside	of	the	
SPIDER	Vacuum	Vessel	

Air	coolers	and	cooling	towers	
installed	on	the	roof.	Total	
power	dissipated:	17MW	

Overview	of	cooling	plant:	pumps	
and	heat	exchangers	

electrical	connec/ons	and	RF	
capacitors,	gas	injec/on	and	
other	auxiliaries		on	the	
upstream	side	of	the	source	
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SPIDER	beam	source	installa/on		
(Feb.	–Mar.	2018)	

Installa/on	of	SPIDER	BS	inside	vacuum	vessel		
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SPIDER BS installation 

On	8th		March	all	connec/ons	have	
been	completed	and	the	vacuum	
vessel	lid	closed	

Leak	test	of	hydraulic	circuits	from	
external	flanges	have	been	started		

SPIDER	beam	source	installa/on		
(Feb.	–Mar.	2018)	
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SPIDER	Power	Supplies	
 

3D	CAD	view	of	SPIDER	Power	Supply,	TL	and	Vessel	

Transmission	
Line		

High	Voltage	Deck	(HVD)	

Ion	Source	and	
Extrac/on	Power	
Supplies	(ISEPS)	

100kV	insula/ng	
transformer	

Accelera/on	Grid	
Power	Supply	
(AGPS)	
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SPIDER	Ion	Source	Power	
Supplies	

External	view	of	the	HVD	

 

Supplier:	
Coelme	(I)	

Accepted	

Ion	Source	Power	Supply	inside	HVD	

Supplier:	
OCEM	
Power	
Electronics	

 

Accepted	

All	power	supply	systems	procured	by	F4E	have	been	installed,	tested	and	accepted	in	2017	
	
Integra/on	with	other	plants,	i.e.	Vacuum	vessel,	cooling,	medium	voltage	power	grid,	CODAS	and	
Interlock	systems	was	completed	before	Feb.	2018	
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SPIDER	Accelera/on	Grid	
Power	Supplies	

15	
SPIDER	AGPS:	Dummy	Load	and	PSM’s	indoor	(le`	side)	and	mul/-winding	insula/ng	transformers	outdoor	(right	side)	

Suppliers:	
•  ECIL	(IN)	
•  Transformers	and	

rec/fiers	ltd	(IN)	
	
Installa/on	completed	
	
Commissioning	to	be	
started	

•  Delivery	on	site	of	the	AGPS	components	in	March	2016	

•  Installa/on	ac/vi/es	started	in	July	2016	and	completed	with	troubleshoo/ng	in	April	2018	(in	
between	there	were	some	long	breaks	due	to	administra/ve	issues	in	the	management	of	the	
installa/on	contract)	

•  Insula/on	test		performed	in	April	2018	

•  Presently	commissioning	and	power	tests	are	in	progress	
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SPIDER	CODAS	&	Interlock	

SPIDER	Instrumenta/on	and	Control	is	directly	procured	by	NBTF	Team	on	behalf	of	F4E	

•  CODAS	and	Interlock	plant	systems	procured	and	installed	

•  In	July	2016	Site	Acceptance	Tests	performed	and	successfully	completed	

•  In	Summer	2017	integrated	commissioning	between	control	and	plant	systems	was	
started	

Data	center	to	host	both	SPIDER	and	MITICA	central	
servers	and	data	storage	

 

SPIDR	Central	Interlock	-	top-level	HMI	panel	
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SPIDER	Integrated	Commissioning	

 

SPIDER	commissioning	session	from	the	
temporary	local	control	room	

Signal	waveforms	acquired	during	PS’s	commissioning	

Examples	of	HMI	pages	to	control	SPIDER	PS’s	plant	systems			

In	2017	commissioning	and	power	integrated	tests	with	CODAS	and	Interlock	were	performed		
integra/ng:	Ion	Source	Power	Supply	(ISEPS),	Vacuum	and	Gas	injec/on	System	(GVS),	some	diagnos/cs	

Integrated	commissioning	of	Cooling	plant	and	AGPS	not	yet	performed	
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SPIDER	Source	diagnos/cs	

Source	op/cal	emission	spectroscopy		
(source	plasma	Te,	ne,	nH-,	nCs,	nH,	impuri/es)		

Cavity	Ring	Down	Spectroscopy		(nH-)		Laser	

Absorp/on	spectrosocpy	(nCs)	

Electrosta/c	probes		
(Plasma	uniformity,	Te,	ne,)	
Calorimetry	and	surface	thermocouples	
(power	load	on	source	components)	
Electrical	currents	in	Power	Supplies	and	
Grounded	Grid	

Ion	source		
and	accelerator	

beam		
dump	

•  almost	all	SPIDER	Source	diagnos/cs	are	installed	and	opera/ng	
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SPIDER	Beam	diagnos/cs	

Instrumented	calorimeter	STRIKE		
(beam	uniformity	over	2D	profile,		
beamlet	deflec/on	and	divergence,	
resolu/on	2mm,	<	10	s	beam	pulse)	

Ion	source		
and	accelerator	

beam		
dump	

Beam	emission	spectroscopy	(beam	divergence,	stripping	losses)	
Beam	tomography		
(beam	uniformity	over	2D	profile,		resolu/on	1/4	beamlet	group)	
Neutron	imaging		
(beam	uniformity	horiz.	profile,	resolu/on	30-40	mm,	D	only)	
Calorimetry	and	surface	thermocouples	
(beam	uniformity	vert.	profile,	resolu/on:70	mm)	

•  most	of	SPIDER	Beam	diagnos/cs	are	
already		installed	

beam	

source	

view	of	SPIDER	vessel	with	15	linear	cameras	of	the	
tomographic	diagnos/c	with	corresponding	lines	of	sight	
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SPIDER	STRIKE	beam	diagnos/c	

•  High	resolu/on	calorimeter	based	on	unidirec/onal	
carbon	fiber	composite	(CFC	)				/les	(transmit	heat	
mainly	in	one	direc/on)	

•  assembly	in	progress	

142	mm	

376	m
m
	

Prototype	/le	(1	full	size)	
manufactured	by	Toyo	Tanso	

CAD	model	of	STRIKE	
showing	the	front	surface	of	
the	target		

See	presenta5on:	
•  P1-17	,	A.	PIMAZZONI,	Thermal	characteriza5on	

of	the	SPIDER	diagnos5c	calorimeter	
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SPIDER	Beam	Dump	calorimeter	

•  Surface	calorimetry,	water	calorimetry	thermocouples	

•  Neutron	Imaging,		detectors	based	on	Gas	Electron	
Mul/plier	(GEM)		with	neutron-proton	converter	foil	

SPIDER	Beam	Dump:	Front	side	

Beam	with	no	divergence	

water	
Calorimetry	
TCs		

Surface	
TCs		

up	to	6	MW	beam	power	in	steady	state,	procured	by	
INDIA	Domes/c	Agency	
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SPIDER	power	supply	schema/c	

SPIDER Vessel

HV Transm.
 Line

SPIDER High Voltage Deck
HV BushingGrounded

Grid Extraction
Grid

Plasma
Grid

RF
drivers

Accelerator Grid Power Supply AGPS 90 kV, 70 A

Extraction Grid Power Supply ISEG 12.8 kV, 140 A

Plasma Grid Current PS ISPG, 15 V, 5 kA

Ion Source Bias Plate PS ISBP 30 V
Ion Source Body Bias PS ISBI 30 V, 600 A

Filament Bias PS ISFB, 150 V

preioniz. Filament Heating PS
 ISFH 20 V, 50 Hz

Radio Frequency Power Supply ISRF
1 MHz, 8 x 200 kW on 50 Ohms 

Ion Source
Body

Ignition
FIlaments

~

Beam Dump

Bias
Plate ~
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SPIDER	caesium	oven	and	
CAesium	Test	Stand	(CATS)	

	
Caesium	oven	prototype	tested	
in	2018	
•  thermal	design	validated		
•  valve	opera/on	

commissioned		

see	relevant	presenta5ons	and	posters:	
	
•  WedO2,		E.		SARTORI,	Study	of	caesium	-	wall	interac5on	parameters	within	a	

hydrogen	plasma	
•  FriO5,		M.	FADONE,	Plasma	characteriza5on	of	a	Hall	Effect	Thruster	for	a	Nega5ve	

Ion	Source	concept	
•  WedO3,		A.	MIMO,	Studies	of	the	Cs	Dynamics	in	Large	Ion	Sources	using	the	

CsFlow3D	Code	
•  P1-18,		E.	SARTORI,	Diagnos5cs	of	Caesium	emission	from	SPIDER	caesium	oven	

prototype	
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SPIDER	experimental	plan	2018	
the	SPIDER	experimental	phase	was	officially	started	on	16th	May	201	
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First	SPIDER	experiments:		
characteriza/on	of	vessel	pressure	vs	source	pressure	

source	 and	 vessel	 pressures	 measured	 by	 capaci/ve	 sensors	
are	in	fairly	good	agreement	with	numerical	dynamic	models		
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WS08	 WS01	

WS02	

WS03	

WS04	WS05	

WS06	

WS07	

In	the	very	first	experimental	phase,	only	one	pair	of	RF	drivers	(#3	and	#4)	was	connected	to	
a	generator	(up	to	40	kW).	In	a	subsequent	phase,	also	drivers	#7	and	#8	were	used.	
	
Light	emission	spectroscopy	looking	axially	through	the	RF	drivers	recorded	an	intense	signal	
as	soon	as	the	plasma	was	ignited.	

First	SPIDER	experiments:	
characteriza/on	of	the	Plasma	Source		

#1	
WS08	

#2	
WS01	

#4	
WS02	

#6	
WS03	

#8	
WS04	

#7	
WS05	

#5	
WS06	

#3	
WS07	

Plasma	 light	 seen	 from	
downstream	side	

Layout	of	8	RF	drivers	

Plasma	 light	 spectra	 measured	
through	 the	 RF	 drivers,	 only	
drivers	#3	and	#4	are	powered	
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example	of	SPIDER	pulse	(2018060807)	

.gif	



G.	Chitarin	 NIBS2018	Novosibirsk,	Russian	Federa9on,	3	Sept.	2018	 28	

Characterisa/on	of	source	plasma		
vs	filter	field	in	a	single	pulse	
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Characterisa/on	of	source	plasma	
vs	RF	power	in	a	single	pulse	
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typical	spectrum	of	the	plasma	light	from	the	SPIDER	Source,	a`er	several	weeks	of	opera/on	
(pulse	#5210).	No	visible	traces	of	OH,	Cu	or	O	emission.	
		
At	the	beginning	of	SPIDER	opera/ons	a	strong	OH	emission	was	visible.		
Some/mes	also	Cu	lines	during	arcs	on	the	back	of	the	source	

First	SPIDER	experiments:		
characteriza/on	of	the	Plasma	Source	

plasma	light	spectra	



G.	Chitarin	 NIBS2018	Novosibirsk,	Russian	Federa9on,	3	Sept.	2018	 31	

First	SPIDER	experiments:		
characteriza/on	of	the	Plasma	Source	

effects	of	RF	power	

/me	history	of	pulse	#5214.		
	
The	light	emined	by	the	plasma	in	the	ac/ve	
drivers	(#3	and	#4)	is	linearly	dependent	on	RF	
power.		A	similar	trend	is	generally	found	in	the	Hβ	
line	intensity.		
	
Assuming	that	the	plasma	light	is	correlated	with	
the	electron	density,	this	indicates	a	linear	
dependence	of	electron	density	on	RF	power,	as	
found	in	numerical	models.	
	
The	ra/o	between	the	intensi/es	of	Hβ	line	and	
Fulcher	band	also	depends	on	the	RF	power,	
hin/ng	at	a	dependence	of	the	dissocia/on	degree	
on	the	RF	power.	
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Plasma	light	from	drivers	#3	and	#4	as	a	func/on	
of	the	RF	power.	
•  asymmetry	(2x)	between	the	plasma	light	in	

the	two	drivers	
•  similar	asymmetry	also	on	the	spectrum	lines	
•  plasma	light	is	very	reproducible	with	clear	

dependence	on	the	filter	field	current	

Plasma	light	from	drivers	#3	and	#4	as	a	func/on	
of	the	filter	field	current.		
•  the	emined	light	reaches	a	maximum	for		

600-700A;		
•  emission	is	not	symmetrical	and	the	

asymmetry	increases	with	current.	
•  The	Hβ	line	intensi/es	exhibit	almost	similar	

dependence	
	
=>	plasma	dri`	near	the	drivers,	deserving	
further	inves/ga/ons.		

First	SPIDER	experiments:		
characteriza/on	of	the	Source	plasma	

effects	of	magne/c	filter	field	and	asymmetry	



G.	Chitarin	 NIBS2018	Novosibirsk,	Russian	Federa9on,	3	Sept.	2018	 33	

First	SPIDER	experiments:		
characteriza/on	of	Source	plasma	

Source	pressure:	0.3Pa	
Vessel	pressure:	0.075Pa	

plasma	igni/on	condi/ons	

•  Plasma	igni/on	condi/ons	depend	on	gas	pressure,	on	
magne/c	filter	field	(PG	current)	and	also	on	the	posi/on	of	the	
RF	driver	used		

•  electrical	breakdowns	between	auxiliaries	on	the	rear	side	of	
the	plasma	source	o`en	occur	before	or	during	plasma	igni/on	
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Visualisa/on	of	plasma	through	
grounded	grid	

filaments	only	 filaments	
and	plasma	

plasma	only	
electrical	breakdown	
on	rear	side	of	plasma	
source	
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Conclusions	

we	have	just	got	a	new	bike,	

now	we	have	to	push	the	pedals	very	hard...	

	

...	and	many	thanks	for	the	opportunity	of	
mee/ng	you	in	Novosibirsk!	

 


